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Outline

* Introduction
 Brief history of my research on MgB,
* Recent activities and results
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Introduction

 Recent SRF cavities (especially 1.3 GHz elliptical cells) made of bulk
Nb are approaching its theoretical limit of E,.. ~ 50 MV/m (B, ~ 200
mT).

« While it is important to increase quality factor and production reliability
and yield of high-quality Nb SRF cavities, finding a new material that
could overcome the limit of Nb technology is becoming increasingly
important for SRF technology to be more attractive and to open up
other opportunities.

* Nb,;Sn technology has become close to the application level.

« MgB, cavities of practical size have not yet been produced yet, but its
high T, of ~40 K is very attractive to enable the operation at a higher
temperature such as 20-25 K with cryocoolers.
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Slide 4
Brief history of my research

on MgB,

« Soon after MgB, was discovered to
be superconducting at 39 K in 2001,
a feature written in a review paper
caught my eyes, “absence of weak -
links” (at the grain boundaries).
(These weak links had prevented
high-T. materials from being applied
for SR(i: cavities.)

* My first paper on MgB, at EPAC2002
proposed to use thick f\/IgB layer
formed on a copper cavity using hot
isostatic press (HIP).

4
" Vacuum

g @

MgB2 Powder

At that time, | did not know that bulk or thick film is not so useful.

4
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Slide ) 2004, | wrote a paper with Collings and Sumption of
OSU. The current cavity coating idea is similar to the
idea written in this paper.

INSTITUTE OF PHYSICS PUBLISHING SUPERCONDUCTOR SCIENCE AND TECHNOLOGY
Supercond. Sci. Technol. 17 (2004) $505-S601 PII: S0053-2048(04)77346-7

Magnesium diboride superconducting RF
resonant cavities for high energy particle
acceleration

E W Collings', M D Sumption' and T Tajima’

! Laboratories for Applied Superconductivity and Magnetism, Department of Materials
Science and Engineering, The Ohio State University, Columbus, OH 43210, USA

% Los Alamos Neutron Science Center, Accelerator Physics and Engineering,

Los Alamos National Laboratory, Los Alamos, NM 87545, USA
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In 2005, we showed that R, can be lower than that of Nb and there
is little increase in R, with fields up to 120 Oe limited by available
power [Tajima et al. PAC2005]

- Deposited with reactive co-evaporation at
bulk-MgB, Superconductor Technologies, Inc. (STI)
> ™

[

s

film-Ng_QJ- B1) Palished bulk-MgB,

Effective Surface Resistance R_at 10 GHz

4
10°F film-MgB,
! (BM7)
T
T
Laser range of coupling and radation losses Figure 5: MgB, coated Nb disks of 14.6 mm in diameter.
10-5 L in fhe parallel-plate measurement system |
1 1 10 100 LE )
Temperature [K] =
Figure 3: Surface resistance vs. temperature of a 400 nm R, (Q) e .
MgB, film coated on a sapphire substrate. Bulk samples
and Nb data are shown for comparison. [6] 1E04
g 102 T Nb
] MgB, (BM7)
£ 9B,
& 10 Nb (NB1) 2 ]
= range of coupling
Fadiaton
T Ly rorkmy ) 1E-05
Figure 7: An idea for coating a cavity using a MgB, target U Gt 1 0 20 40 60 80 100 120 140
and a KrF excimer laser. § * H 0
2 e .
s .
8 10°] \ijsn (Amolds, 1877) ] Figure 6: R, of rhe.Nb TE,;; mode cavity mt‘h a Mng
£ intinsic-MgE, (from BM7) sample at the center of the bottom plate. as a function of
o 107 intrinsic-Nb (from NB1) | the peak magnetic field on the sample. The data was
2 .
8 ~~|Nb (Philipp, 1981) converted to 10 GHz using an £ law.
= -8
o 10

L
1 4 10 100
Temperature [K]

Collaboration with Romanenko at Cornell

Figure 4: Prediction of infrinsic (BCS) surface resistance

(dotted line) from experimental data. [6] £
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In 2005-2006, we proposed to coat cavity with pulsed laser
deposition (PLD), but the PLD films had poor quality [Tajima
et al. EPAC2006]

Tested by Romanenko at Cornell
1E-02

—— On-axis PLD
1E-03 I
R, (€2) 5 e ';. =
1 E-04 \l —~
-§ N BCS — Reactive evaporation =—
1E-0 I ]
0 50 100 150
Hyeax (0#)

= s KN - I Figure 6: Surface resistance at 10 GHz as a function of
igure o: h mage o 1€ Cross section oI oIr-axis ~ . . -~ .
PLD MeB, film (ID: 300705v) on ALO,-C substrate. The surface magnetic field. The data was scaled from 6 GHz

film thickness 1s 500-700nm. data usingf law.

Collaboration with Yue Zhao of U. Wollongong, Australia
7
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In 2007, we started high-power RF tests with 2-inch diameter disks
in collaboration with SLAC using 11.4 GHz RF short pulse (~ 1 us)
and a TE;,;-mode cavity

TEq;3-like mode i p?ak

[E] H

| ) 54.5% peak 7.1% pesk
ot | ™ \
- | | |
.  Q=-4000 | IN_/ N\
(Cu. room temp.) \mj contour (inches)
plate

material sampl
material sample ¥ ..

Figure 2: Electric and magnetic fields m the “mushroom”

cavity (left) and magnetic field profile along the surface
of the cavity (right).

[Tantawi et al. PAC2007]
8
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Due to the low Q of the host cavity made of copper, R, did not
have enough sensitivity. Also, thermal effect seems to have been
involved despite a short pulse is used.

STI film deposited at 550 °C on top of ALD alumina

Pis=1.2x10°W/m?

Inter-diffusion layer causes high RF loss
N MB,{1000m)/ALO;(20nm)/Nb RN

3.0 1.79 100 ' —
£ T=7) | 90 [
=Y o T=10K

2.8 | T=4K
ﬂE:SQQ 80

2.6 | LR 4 R g 70

Q /v" . 7K 2 (mQ) _g 60
(x10%) 2.4 ) B: x ‘o 5 S0
Nbis NC at i . S 4ol
2.2 10K °-a T g Mg
: LY o 30
w0, 1 830 £
2.0 o B‘\ .,; . g 20
’ T 10 /] ]
1.8 ; H H ; ; VAR
20 30 40 50 60 70 80 o T .
Byeak (MT) 0 20 40 60 80 100 120 140 160

. ‘ Depth from the surface (nm)
Figure 11: Q, as a function of B at 4 K, 7 K and 10 K

. . lour 2- - X o
for the MgB,(100 nm)/Al,O5(20 nm)/Nb sample shown in Figure 12: Auger depth profile of the MgB,(100

i s . . nm)/ALO;(20 nm)/Nb sample shown in Fig. 8. Inter-

> / y 2 o . . .- ~ -
Fig. 8. The 501;(1 11}16215 a curve described by Eq. (2) with diffusion of coating components at the interfaces is
Puss=1.2x 10° W/m'™.

observed.

[Tajima et al., SRF2011] 9
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In 2010, we started using magnetization measurements to evaluate
vortex penetration field B, , to determine the fundamental limit of

MgB, thin films

~290 nm T, ~31.8 K

M Jem ufcrm
tl-a —
g 8

w

T .
Substrate

=]

_L..
g

- 5K
+ 10K
+ 15K
0K
LK

(]
h'

.
H]
S

e

e

%

0 500

1000

1500 2000 2500
H[O¢]

E-beam co-
evaporation at
250 °C

Basep ~1 x 10°
Torr
Collaboration
with Doi et al. of
Kagoshima U.,
Japan

Figure 4: Magnetization curves as a function of applied
magnetic field at various temperatures for ~290 nm thick
MgB, film (T, ~ 31.8 K) deposited on a Si substrate at

Kagoshima Univ.

[Tajima, Haberkorn, Civale et al. LINAC2010]

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA

Sample MgB?2 film Tc ~33.8K

85 mTz—>4t 330 nm
600 - {
3_ 400 b E
* . T.338K ,

0 5 10 15 20 25 30 35
T[K]

Figure 7: He; vs. sample temperature from magnetization
measurements of ~330 nm thick MgB, sample prepared
by Kagoshima Univ.

1500

125 mT==—> { § ~290 nm

1000} }

"lOT.31.8K

00+

[Oe]

H\'

250+

0

\ . . . . ,
0 5 10 15 20 2530 35
T[K]

Figure 8: H; vs. sample temperature from magnetization

measurements of ~290 nm thick MgB, sample (T, ~ 31.8
K) prepared by Kagoshima Univ.

10
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B I
We are looking at only this part

Magnetization measurements were
used for SRF cavity research in
1995 by Saito and Wake of KEK to
evaluate the effect of surface

b) After 5 min. BCP

The sample was treated with
chemical polishing for 5
minutes, which should
gave a 5 micron etching,

> treatments by looking at hysteresis
) . curves.
j‘\'& I The larger hysteresis means more
T N Ameating s ncp imperfections and/or dislocations
: o w00 since vortices get pinned by them.

Fig. 2. Hysteresis appeared in magnetization
curves. a) as EDM'd sample, b) after .
chemically polished the EDM'd sample, [Saito, Wake, SRF1995]
c) annealed after the CP'd sample.

11
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Keys to Growth of MgB., Films

Temperature (")

1500 1000 GO0 300
T Tn 1 T 7 T T T
— Keep a high Mg pressure for
10° . Liguid+MgB, Solid+MgB,, . phase stability
iy For example, at 600° < Mg
107} X ¥ 12 - wapor pressure of 0.9 mTarr or

Mg flux of 500 Ass is needed

Pressure (Torr)
3,

— No need for composition
contrel, aslong asthe Mog:B ratio

ol e is above 1:2.
Gas+MgB,
1woel N .« D | — Keep oxygen away. Mg reacts
S 10 P 20 strongly with exygen - forms Moo,
TAI0:E R reduces Mg vapor pressure.
108 ' T T
R T=850C LﬂuidfM-ﬁEj ) )
Liu et o, APL 7S, 107 1 | — Aveid carbon: Carbon doping
3678 (2001) 10! —— reduces T, and increases resistivity
é 109
g w! — .
= || GasMgB,
£ ot -
10 Gns+MgB.
10t Gas+B{s)
10t i i i i g
o 0z 04 B8 08 1.0 J—

Atomic Fraction of Baran

[Xi, Thin film workshop, JLAB, 18-20 July 2012]
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Summary of MgB, deposition techniques that
we have evaluated

Reactive Co-evaporation by Brian Moeckly et al., at STI

Rotating shaft Rotating shaft
Heater pocket
- 2" wafe
Heater I
pocket £
Tc~ 39K
Deposition zone
Deposition |
Substrate e _ \ \ N |
Magnesium "Ill 11. H /
T ~ 550 °C Yapor ik | I
!
l T Boron plume
i \ h;’ / ’/ /i Figure 2: Cross section of the deposition chamber. [5]
{
\ ’/ %
E-gun
B source [MoeCkIy et al,, ASC2004]

[Tajima et al., PAC2005]

Figure 1: MgB, coating system at STL. [5]

(K
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Summary of MgB, deposition techniques that

we have evaluated (cont.)
Hybrid Physical-Chemical Vapor Deposition

‘ Schematic View ‘

get rid of oxygen ake hiah M
prevent oxidation T H, (~100 Torr)/ gh g

pressure possible
BoHg (~ 5 - 250 scem)

fs/ l J l\l\\ T.~40K
pure source o

B supply (B,H,
flow rate) controls
growth rate

generate high
Mg pressure:

required by | — Substrate

thermodynamics

o |

=

Pure source of
highenough T Mg

for epitaxy

.o

[Xi, Thin film workshop, JLAB, 18-20 July 2012] 14
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Summary of MgB, deposition techniques that
we have evaluated (cont.)

E-beam co-evaporation by Toshiya Doi et al. of Kagoshima U., Japan

——

Heater
QCM ‘ ‘ ‘ Substrate Requires base pressure <~1 x 10°
: Torr to avoid the effect of oxygen

T.~32K
Substrate T ~ 250 °C

B source

o
‘KKQ\ Mg source /
EB gun

Co-axial vacuum arc
evaporation gun (Ni)

[Nagatomo et al., Physica C 426 (2005) 1459]

15
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Summary of MgB, deposition techniques
that we have evaluated (cont.)

Off-axis Pulsed Laser Deposition (PLD) by Y. Zhao of U. Wollongong, Australia

i Laser

« # & Substrate T,~27K
Substrate
T~ 680 °C

Figure 1: An illustration of off-axis PLD [1].

A KrF laser (A=248 nm. 25 ns) was used in 120 mTorr
Ar atmosphere, then an in-situ annealing was carried out
at 680 °C for 2 min in a 760 Torr Ar atmosphere [7].
16
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Magnetic vortex penetration field (B, ) measurements using a

Quantum Design SQUID magnetometer seem to be a reliable method
to determine a fundamental limit

At LANL, Leonardo
Civale and his
postdocs have
been carrying out
these :
measurements _L : -

goes into this

A

“ Los Alamos
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Samples

Typically 6 mm x 6 mm for
coated films

Nb reference was a rod with
2 mm diameter and 10 mm
long cut out from a single
grain RRR>300 Nb sheet

Rod or ellipsoid is better due to
less edge effect, but difficult to

: mm scale
uniformly coat

e

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA

This sample holder
has an angle
adjustment
mechanism
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Meissner slope is proportional to the volume of the film, making it
difficult to measure ultra-thin films due to small signal. Our
present limit is ~200 nm

300 nm MgB, film prepared by STI Meissner state:
0 dm/dH = -V /47 oc d 4
‘. .
g Slope changes with T due
-100 - to the change in A
-200 - d>> X
5 | -
£
% | B=0 I
g ] \B(x) __f,;" A
o0 T g~ d-2
—* 30! vortices i
|| 35K
_«_37x|avalanche H
-500 - atB,,
d¢ ~ d-2Atanh(d/2%)
o 50 100 150 200 B0

2(mm) oy
19
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Penetration depth can be estimated from effective thickness.
Penetration depth increases with higher temperature.
This causes the reduction of effective thickness.

Mng film from STI

400
120 1 o, ]|+ d=300nm
= . = A~ d=200 nm
£ 100 °o... £ 300- %t\lﬁo—ﬂuid model
v %oy = : ‘
o 80 s
c “« " *s
= raw data . T -
© 60 - (only input %, E> = 200
= only inpu . -g
g 40 - parameters ’, ©
= areL&W) . T
g 20 " 51
b= . o
L 0 ¢
T T T T T T T 0

20
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With a 200 nm sample, the signal got quite noisy at high fields, but
was still measurable.

0.00
® o T=45K|
, '5"-. o T=30K
‘v‘ ..I. a— T=25K
T e +— T=15K
-0.05 LS T=10K
=) ‘;'r'.- '..- ] ot T=5K .
E ‘ CaN W A,
e % - "y "
.g. Q"Jg"-\... - L ] 4 "
E-0.10- ‘:‘1:"“_"‘; . Teny -::" 11
.- ‘. E % “ 4
""o"“ v “:‘:‘- N : olﬂ. LA
r ﬁ.";'g' e - “ L]
vo!. i
v 4 .;“
-0.15 +—————

21
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Summary of B, , for STl films (200, 300 and 500 nm) compared with
cavity-grade bulk Nb and sputtered Nb film. MgB, thin films show
remarkably high B, !

- - MgB, 200mm > MgB, 300nm v MgB, 500 nm
250 —_-O~ Nb bulk cilinder -~ Nb film 300nm - & - Nb film 550 mmg eg 5
> "o 200nm MgB, E
P T a =
200F o sl 150
BulkNb _ 2007 ¢ % ) s
(4.5K) <! S
B 150 4 “e. 300 nm MgB, 437.5 w
P . = e ED
(m™) oL g i S
. e o T 25 5
300 /)%\ e "bn:}?‘? _} %
nm o L , =3
csonm N 500nmMgB, v P25 &
W, '.1 1 ]
Nbfilms oL, , % , . v 0
(sputtered) 0 5 10 15 20 25 30 35 40
T (K)

. - Assume B, /Eooc = 4 mT/(MV/m)
[Tajima et al. SRF2011] modified

22
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Comparison with theoretical curve of B_, for thin films assuming A
=110 nm and & = 6 nm. Important finding here was that even the
films with d>\A have high B,

20,, d

B, (d<<A)= m?;,“ hl? Gurevich, APL 88 (2006) 012511
// L. Civale et al.,
10004 . STifilms  PRB48(1993)
: < A 7576 E
] | 4.5K y:
g 4007 100 MV/m
(mT) 200 50 MV/m
100
_ = MgB, data
20
o/
Bulk " Film thickness d (hm)
d>=>N=—"2lInkx~
B, ( ) e 46 mT

[Tajima et al. SRF2011] modified

23
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Temple University (Xiaoxing Xi’s group) samples prepared with
hybrid physical chemical vapor deposition (HPCVD) also
showed high B,

250
® MNMeB, film STI 300 nm
. ® DMgB. film STI 500 nm
Nbrod 509} © ~§TI =00nm ® - Nbrod 150
45K ML“MH ? }‘: - --®- MgB, film Xi 500 nm
o[ RN Temple 500 nm |
150 ® ;{ . . P Eacc (leim)
va (mT) ¢ + .
. + T .
100 f | : +7 125
1 e N
BulkNb  STI500fme 5 e,
S0F & . .
L )
o *
ﬂ 1 oA 1 1 1 1 1 P ﬂ

24
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There is a possibility that we can achieve ~500 mT (E, . ~125
MV/m) even with 2 layers of MgB,

B{mT) Gurevich’'sidea B ({mT) Ouridea
600 - H., 600 H,,
1 Ho 1 Ha
500 - . 500
200 . Magnetic field | =
=1 N4 o 400 £ b
300 { § ¥ wall 300 | & L e wall
| = i ] |
200 { £ \ 200 2
| & H Hegr 18 H, re
100 T -z n e o et 100 ---F e St N
0 ] Sz ] S S 0 S0 Sl
0 100 200 300 "0 7 1007 T 200 7 300
Depth from surface {nm) Depth fromsurface (nm)
Fixed thickness multilayers: Variable thickness multilayers:
*d=77nm for H, = 5500 Oe =d, = 77nm for H, 2 5500 Oe
* 3 layers needed * only 2 layers needed
= coating curved walls with very thin » 2" Jayer is thicker: 100nm < d, <
uniform of layers is challenging 120nm

[Tajima et al., SRF2011] 25
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We tried to coat a uniform B layer using diborane (B,Hg), then
react it with Mg vapor to form a uniform MgB, layer

Large Furnace Cavity Coating

300-400 °C
-t .
-

- "“'-...,

- -

- L™

™
-~

f’ -"‘h

-
- "‘q.-

dummy cavity
H2 +
B2H6

{I : | 390C
> 1 | f T F
1 to vacuum
| LU / throttle valve

VCR/orifice

Mg
vaporizer SS wool “trap”
~700C L ) low temp Mg source

Boron film growth rate ~ 0.2 nm/s @ 390C and 0.08 Torr partial pressure of diborane

H2
2880 ppm diborane balance H2 at 28 Torr total pressure = 0.08 Torr.

This seems like a good set of initial conditions...Low total pressure good for conformal coverage. 26
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MgB, CVD reactor for a 1.3 GHz cavity at TA-35-213

~-, -
iy

| 12 diameter, 67" Bng umace —
in large walk-in hoad with separate building
. —exhaust and H,/ BFfzgas monitors | - |
room pressufe negative with-redpect to the builéi_ng. . e
~m=ms | (- i 4 i e
=3

5 ]
¥

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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A 1.3 GHz copper cavity with 28 holes for samples. Many samples
were 6 mm x 6 mm x 0.43 mm sapphire

AAAAAAAAAAAAAAAAAA
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The experiments moved to TA-53-0017 (SRF Lab at
LANSCE) in 2015 for the following reasons.

 We can accelerate the tests since it is at a non-secure
location, i.e., uncleared US citizens and foreign nationals
can work without being escorted.

* Close to the infrastructure for SRF cavity preparation
and testing (HPR, clean room, cavity testing
environment, etc.).

« The TA-35-213 infrastructure was dismantled and the
area was changed for other activities.

29




Results of the tests at TA-53-0017 (SRF Lab)
in 2015 (the final year of previous project)

* We focused on the reaction of B with Mg since we
did not have to use toxic B,H; gas and we already
had many Boron films from the work at TA-35-213.

* We found the conditions to get superconducting
MgB, films.
— Confine B film with a Mg pellet and Ar gas and heat it

up.
— The details are in [Tajima et al., SRF2015, p. 700]

30




Procedure to get MgB, at the tests in 2015

« Bake the system at ~150 °C under vacuum for
~20 min

* Fill the system with UHP Ar gas up to 1/3 psi

* Plug the hot zone with a Mg pellet and a B film
 Raise the temperature to a planned value

« Hold it for 50 min

Quench it to ~40 °C in ~13 min ”

NATIONAL LABORATORY



Experimental test set up in 2015. The same
set up was used for recent tests as well.

Mg pellet

' Pumping port not shown

B film on Nb boat 1.5 inch (38 mm) OD SS tube

Ky
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Magnetization measurement results to check

the superconductivity 320K 371K
| £
- 29.8 K —
H~20e Runs (850 °C)
0.2
A
< 047 =17
S | —~—2He
= 06  ——2-F9
= Run 14 (650 °C)
-0.8 4
Run 11 (750 °C)
-1.0
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Atomic Concentration (%)

Auger Electron Spectroscopy (AES) depth profile showed the one
at 750 C has the closest stoichiometric ratio of Mg:B = 1:2

1F7_6.pro 2H6_6.pro
100 T T v T T T 100 T
B1 B1
o1 o1
90 M 9 Me2|
A (850 C, T, <30 K) B (650 C, T, 32.0 K)
80| c 4 80+ C
|
. L A 4
7o} L N s
® A
ol Boron I Boron
50p, é
1‘ c
| S
[ ]
40‘- \ £
\ o)
= N
20 VT[S e A A A
201
§ 0
\_
0 —~ ey . L
0 20 40 60 80 100 120 140 160 180 100 150 2(

Sputter Depth (nm)

Atomic Concentration (%)

Sputter Depth (hm)

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA
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80r
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C (750 C, T, 37.1 K)

B1
o1
Mgz

Sputter Depth (nm)
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From 2018, we restarted MgB, work as a part

of US-Japan Cooperation Project

« LANL
— Design and build a new coating system to coat 1.3 GHz 1-cell cavities
— Provide them to KEK for testing with new diagnostics system to be developed.
« KEK
— Develop a fixed (and rotating arm) T-map system.
— Develop a magnetic field mapping system.
— Test the MgB, cavities provided by LANL.
« Due to insufficient funding, building the new coating system has been
delayed.
. Wetrestarted the parameter optimization work using a small existing
system.

« The following slides were presented by Sakai-san at the TTC meeting held
at CERN on 05 Feb. 2020. They summarize the recent MgB, work at LANL.
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MgB., work at LANL in collaboration
with KEK

LANL: Tsuyoshi Tajima, Paolo Pizzol, Anju Poudel, Leonardo Civale, Ivan
Nekrashevich, Roland Schulze

KEK: Hiroshi Sakai, Takafumi Okada, Eiji Kako, Kensei Umemori, Taro Konomi

TTC Meeting, CERN, 04-07 February 2020 @ =i - 36 _
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Outline

« A short description of the coating technique
developed at LANL.

 Recent test results

* Design of the coating system to coat 1.3 GHz
elliptical cavities.
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LANL coating technique

« LANL had a project on MgB, from 2010 - 2015. We
developed a technique to Coat boron (B) first, then react

it with Mg vapor (2-stage process). [e.g. Tajlma et al.,
SRF2015, p. 700]

« We restarted the MgB, work as a US-Japan
Cooperation Project in 2018.

— Since we lost the large furnace and equipment at TA-35
that were used in the previous project, they started to
design a new coating facility at TA-53 (Tsuyoshi’s lab)
based on their previous experience at TA-35.

— In November, 2019, we restarted experiments to optimize
parameters for B and Mg reaction using a small system at
TA-53 and the B samples obtained in the previous project.
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LANL coating technique (15t stage: coating of
B layer)

* Flow B,H; gas inside the cavity while keeping the cavity
surface at a temperature 250 — 400 °C.

» The B,H; decomposes and a B layer is formed on the
cavity surface

* By controlling the temperature, deposition rate can be
controlled, i.e., the higher the temperature, the higher the
deposition rate. Thereby the thickness profile can be
controlled.

« Usually, cell is thinner than beam pipes.
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LANL coating technique (2" stage: reaction
of B layer with Mg vapor)

* Prebake the system up to 200 °C under vacuum.

« Cool down to room temperature, add Mg pellets, bake out the
system at 150 °C for >1 h under vacuum.

 Fill the chamber with UHP Ar gas up to 1/3 psi
* Plug the reaction zone to confine Mg vapor

* Heat it up to a planned temperature such as 750 °C and hold
it at the temperature for planned period of time.

» Cool down the system fast enough to prevent formed MgB,
from decomposing.
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The B films obtained from the previous
project

The previous project used a 1.3 GHz elliptical 1-cell cavity
with coupons attached on inlet and outlet beam pipes and
cell equator.

22 coating runs at TA-35 were performed during the
previous project and most of unused samples have been
kept in a vacuum desiccator. Most samples have pure B
or B with <15 % Mg, 100 — 1000 nm thick.

They are stored in 3 carriers with each carrier having 81
samples of 6 mm x 6 mm with either sapphire or Nb
substrate.

The sample designation is carrier # - column row # such
as 2-B4.
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We restarted the test that ended on 28 June
2015 (run 15)

2 new samples

A new Mg pellet

Mo boat Nb tray

Inside heater < Outsideheater
7

ARLRALIARIREIN

— -
Reaction zon
eaction zone Pumping port not shown

Before raising temperature from 150 °C to 750 °C, this plug moves to
left and closes the hole to confine the Mg vapor 43
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Recent 2 tests to produce MgB, film by reacting B film
with Mg vapor

e TA-53 Run 16 on 27 November 2019

— Hiroshi Sakai and Takafumi Okada from KEK joined LANL
workers (Tsuyoshi Tajima and Paolo Pizzol)

Temperature (°C)

800
700
600
500
400
300

200

750 °C, 62 min

Vented with UHP Ar up to 1/3 psi
Plugged the reaction zone

Baking under vacuum \

14:10 14:25 14:40 14:55 15:10 15:25 15:40 15:55 16:10 16:25 16:40 16:55 17:10 17:25 17:40 17:55 18:10 18:25

Time on 27 November 2019
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Magnetometer measurement to check
superconductivity

This was carried out by lvan Nekrashevich and Leonardo Civale at
TA-3 in Leonardo’s lab.
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Recent 2 tests to produce MgB, film by reacting B film
with Mg vapor (cont.)

« TA-53 Run 17 on 20 January 2020
— Tsuyoshi Tajima did it on his own.

800
700 °C, 91 min
700
o Vented with UHP Ar up to 1/3 psi
Q o
< 500 Plugged the reaction zone
£ 400
% 300 .
. Baking under vacuum

100 !

0
7:00 7:15 7:30 7:45 8:00 8:15 8:30 845 9:00 9:15 9:30 9:45 10:00 10:15 10:30 10:45 11:00 11:15 11:30 11:45 12:00 12:15 12:30 12:45

Time on 20 January 2020
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Magnetometer measurement to check
superconductivity

« This was carried out by lvan Nekrashevich and
Leonardo Civale at TA-3 in Leonardo’s lab.

The data from Inlet BP Left and Cell Top are in the same graph. 353K 38.0K
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Summary of recent tests and next steps for
parameter optimization

« We were able to reproduce the 750 °C result obtained in 2015.

* The test result at 700 °C was as good as that at 750 °C. (No test at
700 °C in 2015)

+ Cell samples showed 3-4 K lower T, . Need to identify the reason.

*  Will test at 650 °C for 1.5 hours to check if we can reproduce the
result in 2015 (T, ~ 32 K at outlet BP top)

— If T, is >35 K, try 600 °C test.

— If T, is <35 K, try 650 °C for 3 hours to see if T, goes up with
long reaction time.

«  Will test longer cooling time at the lowest reaction temperature that
gives T, > 35 K.

«  Will start sample characterizations using AES/XPS from around
April or May.

ABORATORY
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Design of new coating system (15t stage)

Bl Heater All heaters and valves are remotely
®  Open/close valve (interlocked with gas detectors) controlled through Ethernet

& Pressure control valve including pressure (and flow) sensors

Flow B,H, (0.3 % in He) through the

H, detector cavity at 250 - 400 °C Goes outside building
Fan Outside the
building

We might add a
bypass line with
a 70 L/s turbo

- and a RGA

/ sensor to check

the gases

B,H; detector

Openings for gloves

49

“« Los Alamos
Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA HANAN AR BATGRY



Design of new coating system (2nd stage)

All heaters and valves are remotely

B  Heater controlled through Ethernet

®  Open/close valve (interlocked with gas detectors)

®  Pressure control valve including pressure (and flow) sensors

Fill the cavity with UHP Ar, plug it and
H, detector | heat it to ~700 °C for ~2 h, then cool down Goes outside building

I
— Fan :>

Openings for gloves
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A 3D model has been constructed

=
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The following slides show some new results on the
thickness measurements of boron samples
obtained in 2013 on 06 February 2020
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Recent result of thickness measurements of

B films obtained in a test at TA-03-0040
« Used a spectroscopic ellipsometer alpha SE™

— J.A. Woollam Co., Inc.

— https://www.jawoollam.com/products/alpha-se-
ellipsometer

— Paolo Pizzol operated the ellipsometer.

— The samples were from TA-35-213 Run 10 on 13-SEP-
2013 (flowing B,H; gas)
* The zone 1 was at 300 C, but zones 2 and 3 were at 400

C. This probably reduced the thickness of B on the input

BP.
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Thanks for your attention!

| would like to thank Sakai-san, Okada-san, Kako-
san and others at KEK for their help on this project!!
| hope we will be able to continue this project until
we can produce MgB, cavities and test them at
KEK.
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